At present, there are no in vivo or in vitro methods developed which has been adopted by regulatory authorities to assess photosensitization induced by chemicals. Recently, we have proposed the use of THP-1 cells and IL-8 release to identify the potential of chemicals to induce skin sensitization. Based on the assumption that sensitization and photosensitization share common mechanisms, the aim of this work was to explore the THP-1 model as an in vitro model to identify photoallergenic chemicals.
Introduction
Safety assessment of ingredients is an important part of the development of cosmetics and drugs. For certain medical and consumer products, photosafety testing has become a mandatory regulatory requirement. This may include an assessment of acute phototoxicity (photoirritation), photoallergy, photogenotoxicity and photocarcinogenicity (EMA, 2012) . In this sense, differentiation between photoallergenic and phototoxic reactions induced by low molecular weight compounds represents a current problem. Historically, the toxicological evaluation is conducted on animals, however, the 7th Amendment to the Cosmetics Although the exact mechanism of photoallergy is not completely known, it is considered to be a form of delayed type hypersensitivity, as contact dermatitis, which occurs when an exogenous agent (photoallergen) is applied to the skin and subsequently exposed to ultraviolet (UV) and/or visible radiation (Kerr and Ferguson, 2010) . In the case of photoallergy, the hapten is a photosensitizer that requires light exposure for its activation (Pendlington and Barratt, 1990 ). The initial step in the induction of delayed type hypersensitivity is the uptake of the hapten by antigen-presenting cells within the epidermis. The next step implies the migration of such antigen-presenting cells to the lymph node where they stimulate the proliferation of antigen-specific T-lymphocytes (Gerberick et al., 2010). Based on the assumption that contact photosensitization has the same mechanistic of contact sensitization, the purpose of this work was to explore the suitability of this model to discriminate photosensitizers from photoirritants.
Materials and methods

Chemicals
Phototoxic and non-phototoxic chemicals were selected based on the information provided by similar published studies and reported to cause allergic contact dermatitis as showed in Table 1 . 
Cell culture
The human monocytic leukemia cell line THP-1 was cultured in RPMI 1640 medium supplemented with 10% (v/v) of heat inactivated FBS, 2 mM L-glutamine, 100 U/ml penicillin, 100 µg/ml streptomycin and 50 μM 2-mercaptoethanol, and incubated at 37 ºC, 5% CO 2 .
Chemical treatment
THP-1 cells were seeded into 24-well plates at a density of 1 x 10 6 cell/ml. The final volume in each well was 500 μl, the medium used contained 5% FBS and 5 µl of different concentrations of the chemicals. Each concentration was tested in triplicate and untreated cells (controls) were exposed to 5 µl of the vehicle (DMSO). Two plates were prepared in parallel, one was kept in dark (non-irradiated) and the other was irradiated immediately after applying chemical treatments.
Light exposure of THP-1
The irradiation of the samples was carried out in a photostability UV chamber (58 x 34 x 28 cm) equipped with three UVA lamps Actinic BL TL/TL-D/T5 (Philips®, 43 V, 352 nm, 15W).
Lamp spectra ( Figure 1 ) show that maximum irradiance is found in the range of UVA irradiation with a peak at 365 nm. Irradiance has been routinely measured through the plate lid before cell exposure with a photoradiometer Delta OHM provided with a UVA probe (HD2302 -Italy) to determine UV dose using the following equation:
Where E stands for UV dose, t represents the time expressed in seconds and, finally, P is the lamp potency. Cells were irradiated with a dosing of 1.6-2.1 mW/cm 2 to give a final exposure of 1, 2.5, and 5 J/cm 2 .
Cytotoxicity measured by the MTT assay
After irradiation cells were incubated 24h (irradiated and non-irradiated plates), then plates were centrifuged, supernatants were collected and kept at -80ºC for IL-8 measurement. 500 μl of a MTT solution 0.75 mg/ml was then added to each well. Cells were incubated for 3 h at 37 ºC, plates were then centrifuged, medium discarded and cells lysed in 250 μl/well of a mixture of HCl/isopropanol. 100 μl of the resulting solutions was transferred to a 96-well plate and the absorbance was read at 550 nm using a Bio-Rad 550 microplate reader. Cell viability was calculated as the percentage of tetrazolium salt reduction by viable cells on each sample against the untreated cells. Seventy five percent cell viability (CV 75 ) was calculated for each chemical by linear regression analysis of data.
IL-8 release measurement
IL-8 release was assessed in cell free supernatants using a human ELISA kit from Immuno Tools (Germany). Results are expressed in pg/ml. Limit of detection of 15.6 pg/ml.
Data analysis and statistics
Results are expressed as mean ± standard error of at least three independent experiments.
Statistical analyses were performed using one-way analysis of variance (ANOVA) to determine the differences between datasets, followed by Dunnett's post-hoc test for multiple comparisons using the SPSS ® software (SPSS Inc., Chicago, IL, USA). p < 0.05 and p < 0.01 were considered significant.
Results
Determination of the appropriate UVA dose
Preliminary experiments were carried out in order to establish the appropriate UVA dose.
The aim of those experiments was to find the UVA dose that does not cause cell cytotoxicity This irradiation dose was enough to induce a significant release of IL-8 in presence of chlorpromazine, without a remarkable cell viability decrease.
Effect of the selected chemicals on cell viability
The concentration of the chemical resulting in 75% of cell viability (CV 75 ) respect to vehicle treated cells 24 h after treatment was calculated for all chemicals in non-irradiated and irradiated (2.5 J/cm 2 ) conditions. Results are presented in Table 2 . Photoallergens and photoirritants showed photoreactivity as it is appreciated in the differences between CV 75 values between non-irradiated and irradiated cells. With the exception of 4-aminobenzoic acid and ibuprofen which did not show any cytotoxicity nor phototoxicity in our experimental conditions.
Effect of light and the selected chemicals on IL-8 release
The Photoallergens showed SI in irradiated conditions that varied between almost 2 to 16, depending on the concentration assayed, while in non-irradiated conditions it could not be detected any stimulation in IL-8 release, with the abovementioned exceptions, AVO and OMC, which SIs in non-irradiated conditions reached almost 5 and 9 times-folds, respectively. In contrast, in most cases the negative compounds tested (photoirritants, allergens and irritants) exhibited SI in irradiated conditions below 2, with the exceptions of IBU and DEM but they did not exceed the 2.5 times-fold increase.
When the overall SI was calculated, the results were similar to SI in irradiated cells with values between 2 and 17. The exception of OMC persisted with an overall SI of 0.9 mainly due to its high stimulation of IL-8 release on non-irradiated cells. The case of AVO was different to OMC because the SI of irradiated cells was higher than SI of non-irradiated cells; therefore, it exhibited an overall SI of 2.8.
Discussion
When drugs and chemicals are sold within the marketplace, it is clearly important to know in We also examined three compounds described as photoirritants using the same experimental conditions, ibuprofen (IBU) a nonsteroidal anti-inflammatory drug, retinoic acid (RET), a topical drug commonly used for treating acne, and 8-methoxypsoralen (8-MOP), a drug used for psoriasis. IBU and RET also produced a slight increase of IL-8 release statistically significant after irradiation. But when the overall SI was calculated for photoirritants, they did not reach a value above 2. We also included negative compounds, allergens and irritants. In the case of allergens (DEM, 2-AP, and NiSO 4 ), we observed significant increases of IL-8 in non-irradiated cells (Figure 3 OMC and AVO, two of the photoallergens tested in this study also showed strong responses in non irradiated conditions. It is not surprising that some photoallergens had some sensitization potential. In a recent multicentre study conducted in Europe using photopatch testing on patients with a history of dermatitis of photodermatitis, both compounds produced When we analyzed the results of all the compounds, we found that six out of seven photoallergens reached an overall SI above 2.5. While the entire set of negative compounds (photoirritants, allergens, and irritants) had overall SI below 2.5. Therefore, we propose a tentative cut-off value of 2.5 in the overall SI to identify chemicals with photosensitizing potential. Based on these data, sensitivity and accuracy of the method was calculated obtaining 85.7% and 93.3%, respectively, with a positive predictivity of 100% and a negative predictivity of 88.8%. 6 /ml cells were treated with increasing concentration of the selected chemicals or vehicle control in both irradiated and non-irradiated conditions. Cell viability was assessed by MTT reduction as described in Materials and Methods section. CV75 was calculated by linear regression analysis of data of at least 3 independent experiments. *Maximal concentration assayed with no effects on cell viability. SI calculated for each concentration tested is also shown (black triangles). Cell viability was found to be above the 75% in all the concentrations tested as measured by the MTT assay. Results are presented as mean ± SE of at least 3 independent experiments, and statistical analysis was performed with Dunnett's multiple comparison test (* p <0.05, **p <0.01). 
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